This paper describes an approach for the numerical analysis of container ship slamming and whipping and various parameters that influence slamming and whipping. For validation purposes, the numerical analysis results were compared with experimental results obtained as part of the Wave-Induced Loads on Ships Joint Industry Project. Water entry problems for two-dimensional (2D) sections were first solved using a 2D generalized Wagner model (GWM) for various drop conditions and geometries. As the next step, the hydroelastic numerical analysis of a 10,000-TEU container ship subjected to slamming and whipping loads in waves was performed. The analysis method used is based on a fully coupled model consisting of a threedimensional (3D) Rankine panel model, a 3D finite element model (FEM), and a 2D GWM, which are strongly coupled in the time domain. Parametric studies were carried out in both numerical and experimental tests with various forward speeds, wave heights, and wave periods. The trends observed and the validity of the numerical analysis results are discussed.
INTRODUCTION
Ship slamming can lead to both global and local structural failures because it can increase the maximum load on a ship via whipping vibration. A global structural failure can lead to a critical accident, as shown in the cases of the MSC Napoli (MAIB, 2008) and the MOL Comfort (Japan, 2013). While ship designers should consider the effects of slamming and whipping on the structural load on a ship, design rules by ship classification are still being developed for ultra large ships. The effects of slamming and whipping depend greatly on the ship type and size. Slamming and whipping can be predicted by either model testing or numerical analysis for new designs of ultra large ships. Recently, many numerical and experimental tests have been conducted to investigate the effects of slamming and whipping (Drummen et al., 2008; Drummen and Holtman, 2014; Storhaug et al., 2011) . The results of these tests are being compiled and analyzed, and insight into the effects of slamming and whipping is increasing.
Recently, the Wave-Induced Loads on Ships Joint Industry Project (WILS JIP) has contributed greatly to understanding slamming and whipping phenomena and has provided data that can be used to validate numerical analysis tools. Systematic model tests for hydroelasticity of ships have been carried out by the Korea Research Institute of Ships and Ocean Engineering/ Korean Institute of Ocean Science and Technology (KRISO/KIOST), as part of WILS JIP. The focus of the project was on measuring local slamming forces and whipping responses to waves. This paper describes an approach to numerical analysis of slamming loads and whipping responses using a fully coupled hydroelastic model. The modeling approach was validated by comparison with WILS JIP model test results. A generalized Wagner model (GWM) was validated by comparison with the pressure and force signal results of free drop tests of wedges and ship sections. Next, the fully coupled model was validated by comparison with the results of segmented model tests for a 10,000-TEU container ship in waves. A parametric study on slamming and whipping was carried out to investigate the characteristics of the slamming and whipping phenomena and demonstrate the performance of the numerical modeling approach.
FULLY COUPLED NUMERICAL MODEL
The fully coupled hydroelastic model used in this study consisted of a 3D Rankine panel model, a 2D GWM, and 1D/3D finite element model (FEM).The parts of the model and the coupling of the parts are briefly explained below. 
